Experiments were conducted to examine the interrelationships between methionine, choline and inorganic sulfate in the diet of weanling pigs, and to evaluate the selenium (Se) status of pigs fed diets with or without supplemental sulfate. Two trials utilized 288 weanling (3-wk-old) pigs allotted to dietary treatment based on weight, sex and litter origin. There were six pigs/pen and three replicate pens/treatment in each trial. The basal corn-soybean meal diet was formulated to supply .55% sulfur amino acids and contained a choline and sulfur-free vitamin and mineral premix. Lysine was added to provide a total of 1.13% lysine. Seven additional treatments were formulated b~/ substituting for corn .17% DL-methionine, ,29% choline dihydrogen citrate or .25% Na2SO 4 to create a 2' factorial arrangement of treatments. There were methionine • choline • sulfate interactions for average daily gain (P<.001) and feed-to-gain ratio (F:G; P<.05). Adding choline, methionine, Na2SO 4 or choline plus methionine to the basal diet did not improve gains. However, when Na2SO 4 plus methionine or Na2SO a plus choline were added, daily gains were increased (P<.05) and F:G was improved (P<. 1). Addition of all three supplements did not result in a further increase in gain. Pigs fed choline-supplemented diets had higher (P<.01) hematocrit and tended (P= .07) to have increased hemoglobin concentration. There was no effect on serum triglycerides or alkaline phosphatase activity due to dietary treatment. The concentration of Se in muscle, liver, kidney and blood was not influenced by sulfate content of the diet.
Introduction
Lack of dietary methionine results in reduced gain and efficiency of feed utilization by weanling swine (Bell et al., 1950; Shelton et al., 1951) . Intact methionine molecules are required for: 1) protein synthesis, 2) furnishing labile methyl groups as S-adenosyl methionine (Stryer, 1981) , 3) a source of inorganic sulfur (Almquist, 1964 ) and 4) synthesis of cystine (Stryer, 1981) . There is evidence supporting a relationship between methionine and choline in swine diets. Russett et al. (1979b) reported that pigs responded to choline supplementation of an 11% protein semi-purified diet containing .32% methionine. Supplemental sulfate has been reported to increase growth in poultry (Gordon and Sizer, 1955; Ross et al., 1972) . Baker (1976) stated that inorganic sulfate spared cystine rather than methionine in chick diets. There is, however, little data pertinent to sulfur metabolism in swine. It seems probable that added sulfate would spare dietary sulfur-containing amino acids and allow more efficient use of dietary proteins by swine (McGillivray, 1979) . Previous research with rats, humans, chicks and turkey poults suggested that a methionine, choline and inorganic sulfur interrelationship exists (Byington et al., 1972; Vemury et al., 1980; Miles et al., 1983a,b) .
This study was conducted to examine the interrelationship between methionine, choline and sulfate in the diet of young swine. Also, Acuff and Smith (1982) reported that the level of dietary sulfate altered the absorption of Se in rats. Therefore, data were collected to determine if this phenomenon occurs in swine.
Materials and Methods
Two trials were conducted using 288 crossbred weanling pigs. Six pigs with an average Treatment 1 consisted of a basal corn-soybean meal diet (table 1) formulated to supply marginal levels of sulfur amino acids (.25% methionine, .30% cystine) with lysine supplemented to provide a total of 1.13% lysine. A choline-and sulfur-free vitamin and trace mineral premix was utilized. Additional treatments were formulated by substituting for corn 2) .17% DL-methionine 7, 3) .29% choline dihydrogen citrate 8, 4) .25% Na2SO4, 5) .17% DLmethionine plus .29% choline dihydrogen citrate, 6) .29% choline dihydrogen citrate plus .25% Na2SO4, 7) .17% DL-methionine plus .25% Na2SO4 or 8). 17% DL-methionine, .29% choline dihydrogen citrate plus .25% Na2SO 4. Sodium bicarbonate was added to diets that did not contain Na2SO 4 to equalize the Na content across all treatments. Prior to each trial, corn and soybean meal were analyzed 9 for amino acid composition to permit accurate diet formulation.
At the end of each trial, all pigs were fasted for 24 h, then bled via jugular puncture. Approximately 10 cm 3 of blood were collected from each pig in separate heparinized or nonheparinized vacuum tubes. Samples were immediately chilled in an ice bath. Blood hematocrit was determined by the microcapillary method of McGovern et al. (1955) method (Stadie, 1920; Drabkin and Austin, 1935) . Serum was analyzed for triglycerides and serum alkaline phosphatase by the methods described by Russett et al. (1979b) . An averageweight male and female pig from each pen of pigs fed treatments 3, 5 and 8 were sacrificed. Liver (median lobeL kidney (left whole), muscle (left semimembranosus) and whole blood samples were collected and immediately frozen for determination of Se concentration by the fluorometric method of Olson et al. (1975) .
Data were analyzed by least-squares analysis of variance for a completely random design containing a 23 factorial arrangement of treatments for main effects and interactions. Further aThe sulfate-free cerelose based custom premix supplied the following per kg of diet: Mg, 400 mg (MgO); Fe, 150 mg (Fe/Citrate); Zn, 100 mg (ZnCO3); Mn, 4.0 mg (MnCO3); Cu, 6.0 mg (CuCO3); I, . 14 mg (KI); Se. 15 mg (Na2Se3).
bThe choline-free corn starch based custom premix contained per kg of diet: vitamin A, 2,200 IU; vitamin D3, 220 IU; a-tocopherol acetate, 11 IU; menadione, 2.0 mg; riboflavin, 3.0 mg; niacin, 22 mg; pantothenic acid, 13 mg; thiamine hydrochloride, 1.3 mg; pyridoxine, 1.5 mg; biotin, .10 mg; folacin, .60 mg; cyanocobalamine, 22 ug.
CTylosin phosphate, equivalent to 88 g tylosin/kg of antibiotic premix. aLysine monohydrochloride, 98%. Kyowahakko, Japan, Merck and Co., Rahway, NJ 07065.
eAdded to the basal diet as well/is all diets not supplemeneted with NazSO4 to equalize the sodium content across all treatments.
analysis was conducted to examine significant interactions. Initial weight was used as a covariate to examine performance parameters.
Results and Discussion
There was a methionine • choline x sulfate interaction (P<.001) for average daily gain (ADG; table 2). Single additions of methionine (treatment 2), choline (treatment 3) or NaESO 4 (treatment 4) did not improve ADG compared with the basal. However, when Na2SO4 plus choline (treatment 6) or Na2SO 4 plus methionine (treatment 7) were added to the basal, ADG was improved (P<.05). Addition of all three supplements (treatment 8) did not result in a further increase in ADG. Adding choline plus methionine (treatment 5) improved (P<.05) ADG compared with pigs fed the basal supplemented with methionine (treatment 2; .37 vs .33 kg/d).
The addition of only methionine to the basal failed to improve growth; therefore, methionine was not deficient in the diet. Similarly, the lack of a choline response indicated that there was not a choline deficiency, per se. According to Sasse and Baker (1974) , a response from inorganic sulfate will occur only if the methionine: cystine ratio in the basal diet is such that cystine is more limiting than methionine. The absence of a positive growth response from the addition of .25% Na2SO 4 may be explained by this previous finding. The basal contained more cystine than methionine, and the total sulfur amino acid content was marginal (.55%). In the presence of supplemental methionine, cystine became more limiting, in which case there was a response from inorganic sulfate (Na2SO4). When methionine plus Na2SO 4 were supplemented (treatment 7), growth rate was improved (P< .05) 11.4%. Miles et al. (1983a) indicated that the maximum benefit obtained from either choline or sulfate was dependent on the simultaneous presence of each in the diet. When Na2SO 4 plus choline were supplemented together (treatment 6), ADG was improved (P<.05) 14.3%. Thus the results of Miles et al. (1983a) were confirmed. Choline shares a common function with methionine as a source of labile methyl groups (Mann et al., 1938; Griffith and Mulford, 1941) and may have spared methionine. Therefore, cystine would have been more limiting in the diet than methionine, in which case there was a response from added Na2SO4 (treatment 6). Adding all three supplements (treatment 8) resulted in performance similar to that when choline plus Na2SO 4 were supplemented together. These data indicate that the additive response of choline plus sulfate occurs in either the absence or presence of methionine.
There was no significant effect on feed consumption due to dietary treatment. There was a methionine • choline • sulfate interaction (P<.02) on feed efficiency (table 2) . In general, feed efficiency values followed similar trends as ADG. However, only pigs fed diets supplemented with methionine plus Na2SO4 (treatment 7) were more efficient (P<.05) than pigs fed the basal diet (1.71 vs 1.83). Pigs consuming diets supplemented with .25% Na2SO4 tended to have improved (P=.08) feed efficiency when compared with diets not supplemented with inorganic sulfate (1.77 vs 1.83). .30
.60
aLeast-squares means represent pooled data from trials 1 and 2.
bCholine effect (P<.01).
CEnzyme activity required to liberate 1 mole of p-nitrophenol 9 h -I.
The combination of Na2SO 4 plus methionine (treatment 7) resulted in more (P<.05) efficient gains than single additions of each. Hematocrit of pigs that received choline-supplemented diets was higher (P<.01; table 3) than observed in pigs receiving no added choline (38.3 vs 37.4%). A decrease in hematocrit levels in conjunction with a choline deficiency has been reported in dogs and rats (McKibbin et al., 1944; McDonald and Pechet, 1965) . Similarly, hematocrit levels were lower in young pigs consuming a choline-deficient diet (Russett et al., 1979a,b) . A choline deficiency has been reported to result in a phos- aLeast-squares means of data pooled from trials 1 and 2. Each mean represents 12 pigs. pholipid deficiency and decreased acetylcholine concentration in red blood cells, causing an increased rate of erythrocyte hemolysis and subsequent lowered hematocrit levels (Bell and Hurley, 1973; Russett et al., 1979b) .
Pigs consuming choline-supplemented diets tended (P= .07) to have increased hemoglobin concentrations (table 3) . In contrast with the data of Bruni and Hegsted (1970) and Bell and Hurley (1973) , there was no effect on serum triglycerides or alkaline phosphatase due to choline supplementation.
Addition of methionine, an organic sulfur source (treatment 5), or methionine plus sulfate, an inorganic sulfur source (treatment 8), did not influence the Se concentration in any tissue (table 4). The Se values in blood and tissue samples are similar to those reported by Ku et al. (1973) . Under the conditions of this study, Se absorption, as determined by tissue concentration, was not influenced by sulfate content of the diet.
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